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Abstract: 27 
  The impact of different anode acclimation methods for enhancing hydrogen production in 28 
microbial electrolysis cell (MEC) was investigated in this study. The anodes were first 29 
acclimated in microbial fuel cells using acetate, butyrate and corn stalk fermentation effluent 30 
(CSFE) as substrate before moving into MECs, respectively. Subsequently, CSFE was used as 31 
feedstock in all the three MECs. The maximum hydrogen yield with the anode pre-acclimated 32 
with butyrate (5.21 ± 0.24 L H2/L CSFE) was higher than that pre-acclimated with acetate (4.22 33 
± 0.19 L H2/L CSFE) and CSFE (4.55 ± 0.14 L H2/L CSFE). The current density (480 ± 11 A/m
3
) 34 
and hydrogen production rate (4.52 ± 0.13 m
3
/m
3
/d) with the anode pre-acclimated with butyrate 35 
were also higher that another two reactors. These results demonstrated that the anode biofilm 36 
pre-acclimated with butyrate has significant advantages in CSFE treatment and could improve 37 
the performance of hydrogen production in MEC. 38 
 39 
Keywords：Microbial electrolysis cell (MEC); Corn stalk fermentation effluent; Pre-acclimation; 40 
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Introduction 52 
  Hydrogen as one promising alternative clean energy source has attracted international 53 
attention in recent years (Datar et al., 2007; Guo et al., 2010; Kumar et al., 2016; Li & Fang, 54 
2007). Among all of the available biological routes for H2 production, biohydrogen production 55 
through dark-fermentation can utilize various crop castoffs as feedstock was considered to be a 56 
feasible method due to its low energy consumption and ease of operation (Ghimire et al., 2015). 57 
However, during the hydrogen fermentation processes, hydrogen production is accompanied 58 
with production of volatile fatty acids (VFAs) and alcohols as by-products in which acetate and 59 
butyrate were the main component of fermentation effluent (Pan et al., 2010; Xing et al., 2011). 60 
The low conversion efficiency of feedstock and residue organics in fermentation effluent are two 61 
main bottleneck problems (Marone et al., 2016). Therefore, biohydrogen production is likely to 62 
be industrially viable if fermentation processes could be integrated into a combination of 63 
processes that are cable of utilizing metabolic end products (Ghimire et al., 2015). 64 
Recently, Microbial electrolysis cell (MEC) as one emerging technology for producing 65 
hydrogen from fermentation end products, such as acetate and ethanol, has gained increasing 66 
attention (Kadier et al., 2014). Compared with the dark-fermentation the MEC has a higher 67 
hydrogen recovery and a wider substrate diversity (Escapa et al., 2016). Most of the MEC 68 
studies have relied on the use of pure chemical compounds (primarily acetate) and acidogenic 69 
wastewater (fermentation effluent) as the substrate (Kadier et al., 2014). The integration of dark 70 
fermentation with MECs has been recognized as a promising method to convert biomass to 71 
hydrogen. However, when fermentation effluents were used as substrate, the hydrogen 72 
production rate was low and there was substantial methane production. For example, the 73 
hydrogen production rate could reach to 5.56 m
3
/m
3
/d at applied voltage of 0.8 V in 74 
single-chamber MEC using sodium acetate as substrate (Liang et al., 2011), while the highest 75 
hydrogen production rate only was 1.76 m
3
/m
3
/d feeding with hydrogen fermentation effluent 76 
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(Liu et al., 2012). It is of great importance to improve the hydrogen production rate from 77 
fermentation effluent in MEC . 78 
  The performance of MECs is directly related to the substrates. VFAs and alcohols as the main 79 
end products in dark fermentation, among which acetate and ethanol were easily degradable 80 
while butyrate and propionate could not be oxidized efficiently (Lu et al., 2009; Yang et al., 81 
2015). In a previous study (Li et al., 2014), about 90 ± 2% of acetate was removed while the 82 
butyrate removal was only 4 ± 2% in MEC. It is important to improve the degradation of 83 
butyrate by exoelectrogenic bacteria in MECs, as many effluents of hydrogen fermentation not 84 
only contain high concentration of acetate but also contain high concentration of butyrate. 85 
Recently, Ullery and Logan (Ullery & Logan, 2014) examined the impact of anode acclimation 86 
strategy (using different substrate: acetate or domestic wastewater) on the treatment efficiency 87 
of cellulose fermentation effluent. It was found that the pre-acclimation strategy of using 88 
domestic wastewater or acetate in MECs had no significant difference in COD treatment, 89 
current generation, and coulombic efficiency. Popov et al (Popov et al., 2016) also investigated 90 
the influence of pre-acclimation with acetate and butyrate on biofilm structure for enhancing 91 
electricity and hydrogen production. It was found that the anode biofilm acclimated to butyrate 92 
had a significant advantage in hydrogen production when using butyrate or acetate and butyrate 93 
mixture as substrate. However, the effect of pre-acclimation strategy on the MECs treating corn 94 
stalk fermentation effluent has never been reported. 95 
  This study aims to investigate the impact of pre-acclimation of anode biofilm using different 96 
substrates in MFC mode on hydrogen production in MEC with corn stalk fermentation effluent 97 
(CSFE) as feedstock. The anode biofilm was first enriched using acetate, butyrate and CSFE as 98 
substrate, respectively. Subsequently, the potential of using such biofilm for hydrogen 99 
production from CSFE in double anodes MEC was investigated. The corresponding operational 100 
parameters were optimized in batch tests. In addition, the VFAs and ethanol removal in CSFE 101 
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along with the current and coulombic efficiencies were evaluated. 102 
2. Materials and methods 103 
2.1. Seed microorganism 104 
  Cow dung compost as the seed of hydrogen-producing microflora and exoelectrogens was 105 
obtained from the dairy in biogas plant. Prior to use, the mixture of water and cow dung 106 
compost with liquid/solid ratio of 4:1 (w/w) was sealed in serum bottle, and then treated using 107 
microwave irradiated for 1.5 min to suppress the activity of hydrogen-consuming bacteria and 108 
methanogens (Song et al., 2012). Thereafter, pre-incubated with basal medium in an anaerobic 109 
reactor at 36 
o
C for about 9 h as the inoculum of corn stalk fermentation. The basal medium 110 
contains: sucrose, 10 g/L; NH4HCO3, 1 g/L; KH2PO4, 0.2 g/L and 10 mL mineral salt solution 111 
(comprising 2 g/L NH4HCO3, 1 g/L KH2PO4, 0.1 g/L MgSO4·7H2O, 0.01 g/L NaCl, 0.01 g/L 112 
Na2MoO4· 2H2O, 0.01 g/L CaCl2·2H2O, 0.015 g/L MnSO4·7H2O and 0.0278 g/L FeCl2). 113 
2.2. Characteristics of effluent samples as feedstock of MECs 114 
  The effluent was taken from a 5 L batch stirred anaerobic bioreactor, where the batch dark 115 
fermentation experiment was performed according to the method previously described (Li et al., 116 
2014; Wang et al., 2012). The flowchart of the integrated hydrogen production process was 117 
shown in Fig. S1 (Supplementary data). The corn stalk as the substrate of fermentation was 118 
smashed by a vegetation disintegrator with 40-mesh screen before using. The milled corn stalk 119 
and H2SO4 solution (0.5%) with solid to liquid ratio of 1:10 (w/v) was autoclaved 60 min at 120 
121 °C. Thereafter, the pH was adjusted to 7 with 1 M Ca(OH)2 solution for the dark 121 
fermentation. The stirred anaerobic bioreactor was filled with 3 L mixture containing the 122 
pre-incubated inoculum and pretreated corn stalk of 20 g/L. The bioreactor was flushed with 123 
nitrogen gas for 15 min and then was operated at 37 °C with 120 rpm stirring speed. At the end 124 
of fermentation, the pH of fermentation effluent was adjusted to 7.0 using NaOH. The effluent 125 
6 
 
was then collected by centrifugal separation to remove the fermentation residue and was further 126 
used as feedstock in MECs for H2 production. The effluent had a COD of 8842 ± 48 mg/L, with 127 
the following constituents identified: acetate, 3101 ± 21 mg/L; butyrate, 2602 ± 24 mg/L; 128 
propionate, 88 ± 12 mg/L; ethanol, 452 ± 22 mg/L.  129 
2.3. MECs construction 130 
  The cubic single-chamber membrane-less MECs were constructed with a total volume of 64 131 
mL as shown in Fig.1. The MECs were equipped with the bioanode separately placed on both 132 
sides of cathode. The anode consisted of two pieces of square graphite felts. The cathode was 133 
made of a square carbon cloth coated with 0.5 mg Pt/cm2 (20 wt% Pt/C, JM) and a Nafion (5%, 134 
Dupont). The cathode was placed in the middle of the cubic chamber with 15mm average 135 
spacing to the anodes. Titanium wire was used to connect the electrodes to the circuit. The 136 
electrodes were connected to a battery test system (Neware Battery Testing System TC53, 137 
Shenzhen, China), which was used as a power supply (PS) to control the applied voltage and 138 
record the current generated from MECs. 139 
2.4. MEC Start-up and operations 140 
  All anodes were enriched in MFCs inoculated with a 1:1(v/v) mixture of hydrogen 141 
fermentation effluent from the 5 L batch stirred anaerobic bioreactor and nutrient buffer solution 142 
(NBS). The NBS contained: NH4Cl 0.31 g/L, KCl 0.13 g/L, NaH2PO4·2H2O 2.27 g/L, 143 
Na2HPO4·12H2O 11.54 g/L, trace mineral 12.5 mL/L and vitamin 12.5 mL/L. When the 144 
exoelectrogens colonized on the anode surface indicated by a reproducible maximum voltage, 145 
the inoculum was omitted. The MFCs was then fed with 1000 mg/L acetate (HAc-MFC), 1000 146 
mg/L butyrate (HBu-MFC) and CSFE (CSFE-MFC) as substrate, separately. A resistor of 1000 147 
Ω was used as external load during MFCs operation. After one month, the anodes were 148 
transferred into MECs. Then an applied voltage ranging from 0.5 V to 0.8 V was applied to start 149 
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up the MECs. The MECs were operated in batch mode and feed with 45 mL CSFE together with 150 
trace mineral 12.5 mL/L, vitamin 12.5 mL/L, NH4Cl (0.31 g/L), KCl (0.13 g/L), 151 
NaH2PO4·2H2O (2.27 g/L) and Na2HPO4·12H2O (11.54 g/L). When the MECs obtained a stable 152 
current generation, each reactor was operated independently under different voltages ranging 153 
from 0.5 V to 0.8 V. The MECs were purged with nitrogen gas for 10 min to keep an anaerobic 154 
environment. All the MECs were operated in duplicate in incubator at 36 ± 1
o
C.  155 
2.5. Analytical methods 156 
  The volume of gas production was measured using water replacement method. hydrogen 157 
concentration was determined by a Gas Chromatograph (GC, Agilent 4890D) equipped with a 158 
thermal conductivity detector (TCD) and a 6 feet stainless column packed with Porapak Q 159 
(80/100 mesh). The volatile fatty acids (VFAs) and alcohols were measured at the end of a test 160 
by analysis of the sample using another GC with a flame ionization detector (FID) and an 8-ft 161 
stainless column packed with 10% PEG-20 M and 2% H3PO4 (80/100 mesh). H2 yield was 162 
calculated by measurements of the gas composition in the headspace plus the total volume of 163 
gas production at each time interval using the equation: 164 
1 1 2 2i i i iV V x V x   165 
Where, V is the cumulative H2 gas volume at current (i); Vi1 is the volume of headspace of the 166 
MEC reactor and xi1 is the fraction of H2 gas of headspace of the MEC reactor at the time (i); Vi2 167 
is the biogas volume discharged from the MEC reactor and xi2 is the fraction of H2 gas 168 
discharged from the MEC reactor at the time interval (i). 169 
The hydrogen production rate was calculated using the equation: 170 
0/ ( )HPR V t V   171 
Where t is the residence time of each batch, V0 is the volume of the fresh medium supplemented.  172 
The coulombic efficiency (CE) based on total consumption of the substrate and the energy 173 
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efficiency (ηE) were calculated as described previously (Call & Logan, 2008). The current 174 
density was calculated based on the net reactor volume. The COD concentration were measured 175 
following the standard methods (A.W.W.A, 1998). The conductivity was measured using a 176 
conductivity meter (DDS-307, LEICI, China). One-way ANOVA analysis was employed to 177 
analyze the signification of the difference (P-values<0.05). 178 
2.6. Cyclic Voltammetry (CV) 179 
  Bio-electrochemical behavior of microflora under poised potential conditions with respect to 180 
electron discharge was studied by employing cyclic voltammeter (CV) using an electrochemical 181 
workstation (CHI630B, China). All electrochemical assays were performed in situ by 182 
considering anode and cathode as working and counter electrodes, a saturated calomel electrode 183 
(SCE) served as the reference electrode in the electrolyte. CV was performed by applying a 184 
potential ramp to the working electrode (anode) at a scan rate of 10 mV/s over the range of -0.65 185 
to +0.2 V. 186 
3. Results and discussion 187 
3.1. The impact of acetate, butyrate or CSFE on the voltage generation in MFC 188 
  After the first inoculation of the MFC (approximately 6 days, see Fig. S2) with the hydrogen 189 
fermentation effluent, stable electricity can be generated in MFCs enriched with acetate (1000 190 
mg/L), butyrate (1000 mg/L) and CSFE, respectively. An example of voltage output in MFC 191 
with the substrate was shown in Fig. 2. The stable voltage of acetate or CSFE acclimated MFC 192 
reached 531 ± 5 and 551 ± 4 mV, respectively. However, the voltage output of butyrate 193 
acclimated MFC only was 423 ± 8 mV, which is less than that of acetate and CSFE acclimated 194 
MFCs. Concomitant with electrical energy generation, the VFA removal of 98 ± 1% was 195 
achieved in all the MFCs. The phenomenon was similar with previous studies (Zhang et al., 196 
2011).  197 
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Furthermore, low concentrations of acetate (90-120 mg/L) were detected at the stable period 198 
in the butyrate acclimated MFCs, butyrate and acetate removal were nearly complete when the 199 
voltage was less than 50 mV. This behavior indicated some butyrate was first degraded into 200 
acetate, and then the acetate was removed as well. In addition, there was no lag phase of energy 201 
output appeared in the butyrate-enriched MFCs, demonstrating that electricity generation from 202 
butyrate was primarily due to direct electron transfer by the exoelectrogens attached to the 203 
anode surface and did not require accumulation of mediators in the fresh solution. These results 204 
were similar to previous study (Liu et al., 2010; Zhang et al., 2011), in which butyrate was first 205 
converted into acetate by butyrate degrading acetogenic bacteria.  206 
3.2. MECs Start-up 207 
  Fig. 3 illustrates the effect of anode acclimation method on the current of MECs. During the 208 
start-up period, HBu-MEC always showed a higher current than HAc-MEC and CSFE-MEC. 209 
Owing to the higher current density, the hydrogen production rate of HBu-MEC was greater 210 
than that of HAc-MEC and CSFE-MEC. Results also show that, after 9 cycles, HAc-MEC and 211 
CSFE-MEC could obtain stable current density of 346 ± 11
 
and 391 ± 9 A/m
3
,
 
respectively. The 212 
hydrogen production rate of HAc-MEC and CSFE-MEC were 3.56 ± 0.22 and 3.87 ± 0.23 213 
m
3
/m
3
/d. However, it took longer time, about 15 cycles, for HBu-MEC to achieve the stable 214 
performance under 0.8 V external applied voltage. Compared with HAc-MEC and CSFE-MEC, 215 
the current density and hydrogen production rate of HBu-MEC have great improvement, 216 
reached 480 ± 11 A/m
3 
and 4.52 ± 0.13 m
3
/m
3
/d, respectively. Since higher current density 217 
represents faster substrate degradation and more efficient on wastewater treatment in MECs (Lu 218 
et al., 2016), this great improvement of current density and hydrogen production rate indicated 219 
that the anodes acclimated using butyrate as substrate could degrade the VFAs more fast. When 220 
comparing to other MEC systems fed with hydrogen fermentation effluent, the HBu-MEC 221 
obtained higher hydrogen production rate. Wu et al. used single-chamber microbial electrolysis 222 
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cell fed with effluent from anaerobic baffled reactor and the hydrogen production rate was only 223 
1.31±0.04 m
3
/m
3
/d at 0.6 V (Wu et al., 2013). Nam et al. reported H2 production rate of only 224 
0.49 ± 0.05 m
3
/m
3
/d at 0.9 V from cellulose fermentation wastewaters in MEC (Nam et al., 225 
2014).  226 
3.3. The H2 recovery and treatment efficiency in differently MECs 227 
As shown in Fig. 4a, the H2 production capability of MECs increased with the applied 228 
voltages in a certain range (0.5-0.8 V). The maximum cumulative H2 volume reached to 234.5 ± 229 
11.2 mL (5.21 ± 0.24 L H2/L fermentation effluent) in HBu-MEC at 0.8 V. While the maximum 230 
cumulative H2 volume of HAc-MEC and CSFE-MEC were only 189.8 ± 8.7 mL (4.22 ± 0.19 L 231 
H2/L fermentation effluent) and 204.8 ± 6.5 mL (4.55 ± 0.14 L H2/L fermentation effluent) at 0.8 232 
V, respectively. The removal of COD in MECs with different applied voltage is shown in Fig. 4b. 233 
The COD removals obtained using HBu-MEC (71 ± 2%) was higher than that of HAc-MEC (45 234 
± 3%) and CSFE-MEC (51 ± 2%). The COD removals observed in this study was lower than 235 
that of previously reported for fermentation effluent (79-86%) (Ullery & Logan, 2014). That 236 
could be due the incomplete removal of butyrate from the fermentation effluent. In addition, 237 
there were also other components beside VFAs and alcohols in the effluent from corn stalk dark 238 
fermentation, such as cell biomass, proteins, furfural and pigment from corn stalk hydrolysis, 239 
which could not be consumed by the exoelectrogens at the anode (Kadier et al., 2014).  240 
Fig. 4c and 4d depict the variation of CE and ηE in different MECs at different applied 241 
voltages. Seen from Fig. 4c, the CE were not significantly different based on the acclimation 242 
methods, the CE ranged from 72 ± 3% to 76 ± 2%. The energy efficiency was significantly 243 
higher in the HBu-MEC than the HAc-MEC and CSFE-MEC under same applied voltage. 244 
However, the energy efficiency decreased with the increase of applied voltage in the same MEC. 245 
For example, the maximum energy efficiency were obtained at 0.5 V, which were 178 ± 9%, 215 246 
± 11% and 185 ± 14% in HAc-MEC, HBu-MEC and CSFE-MEC, respectively. However, the 247 
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energy efficiency respectively decreased to 145 ± 11%, 165 ± 10% and 147 ± 8% with the 248 
applied voltage increasing to 0.8V.    249 
  The removal of VFAs in different acclimated MECs at different applied voltage is showed in 250 
Fig. 5. The concentration of acetate in the original effluent decreased from 3101 ± 21 mg/L to 79 251 
± 15 mg/L, while propionate and ethanol concentrations decreased to 8 ± 2 mg/L in all MECs. 252 
The removal of butyrate reached to 62 ± 3% in HBu-MEC, which was much higher that of 253 
HAc-MEC (8 ± 3%) and CSFE-MEC (15 ± 2%). These results demonstrated that the butyrate 254 
acclimated MEC had significantly improvement on butyrate and COD removal compared with 255 
the MECs acclimated with acetate and fermentation effluent. Many previous studies have 256 
demonstrated the butyrate were difficult to degrade in MECs (Liu et al. 2012; Li et al., 2014; 257 
Yang et al., 2015; Popov et al., 2016), and the acetate acclimated anodes performance was 258 
limited when degraded butyrate. However, the butyrate acclimated anodes performance was 259 
enhanced when degraded butyrate and acetate (Michie et al., 2013; Popov et al., 2016). The 260 
predominant microbial composition were different due to the different microbial anode 261 
acclimation strategies associated with acetate and butyrate (Zhang et al., 2011; Michie et al., 262 
2013; Popov et al., 2016). These results were further supported in this study in terms of MEC 263 
response to fermentation treatment and H2 production.  264 
  Moreover, the average contents of H2 and CO2 were detected to be 87 ± 3% and 13 ± 3% 265 
respectively in gas phase, and there was no methane observed in all MECs. Results indicated 266 
that the single-chamber MEC with double anodes can produce efficiently additional H2 from the 267 
effluent of hydrogen fermentation, and the growth of methanogens in MEC was inhibited. That 268 
is due to the pretreatment method of enriching exoelectrogens at anode provided an effective 269 
alternative method to inhibit the methanogenesis which is commonly considered to be one of 270 
major problems in MECs for H2 production. 271 
  Several previous studies on H2 production in MECs fed with fermentation effluent were 272 
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compared with this study. As shown in Table 1, comparison results showed that several key 273 
parameters in the present study were much higher than that of the literatures. Taken together, the 274 
highest COD and butyrate removal were achieved in HBu-MEC. In order to get higher hydrogen 275 
production rate and cumulative H2 volume, an applied voltage of 0.8 V was considered the most 276 
favorable for H2 production. Furthermore, as the microbial hydrogen oxidation often take place 277 
at the anode in single chamber MECs, higher hydrogen production rate is contributive to rapidly 278 
release of H2 from the MEC reactor for efficient collection (Lee and Rittmann, 2010; Lu et al., 279 
2016). The values for current density and hydrogen gas volumes were also consistent over 280 
multiple cycles in MECs. 281 
3.4. Electrochemical analysis of the bioanode 282 
  CV tests were conducted to analyze the exoelectrogenic activity of bioanodes acclimated in 283 
different procedures (Fig. 5). Voltammograms showed the variation in the electron discharge 284 
pattern with the function of external applied potential and different acclimated methods. The 285 
abiotic anodes MEC (Control) showed no electrochemical activities, but clear oxidation peak 286 
were observed on HAc-MEC, HBu-MEC and CSFE-MEC. e.g. oxidation peaks were observed 287 
at -200 mV for the HAc-MEC and -250 mV for the CSFE-MEC. HBu-MEC can generate a 288 
higher current peak (26.8 mA) than HAc-MEC (24.0 mA) and CSFE-MEC (25.7 mA). The CV 289 
could be performed to characterize the electroactivity of the biofilms (Zhu et al., 2014), and the 290 
exoelectrogenic catalytic activity of bioanodes also could be improved by using the MEC with 291 
double anodes (Liang et al., 2011). In this study, the bioelectrochemical behavior of anode 292 
microorganisms also was affected by the acclimating substrates, which could be because that the 293 
type of substrate acclimated bioanode significantly affected the microbial community (Zhang et 294 
al., 2011). The anodes acclimated by using butyrate as substrate had higher electroactivity than 295 
that acclimated using acetate and fermentation effluent as substrate. 296 
4. Conclusions 297 
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  Pre-acclimation using different substrates had appreciable impact on the corn stack 298 
fermentation effluent treatment for hydrogen production in MECs. The differences in acetate, 299 
propionate and ethanol removal were not significant. Differences in butyrate removals and 300 
hydrogen yield were relatively appreciable. The butyrate removal in butyrate acclimated MEC 301 
could reach to 62 ± 3% and the maximum hydrogen yield was 5.21 ± 0.24 L H2/L fermentation 302 
effluent. Moreover, the current generation and hydrogen production rate also were enhanced in 303 
the butyrate acclimated MEC. This study provides an efficiency anode acclimation strategy to 304 
enhance the fermentation effluent treatment for hydrogen production.  305 
Acknowledgments 306 
  The authors would like to acknowledge financial support from the China Scholarship Council. 307 
This research was supported financially by The Danish Council for Independent Research 308 
(DFF-1335-00142). 309 
REFERENCES 310 
1. A.W.W.A. 1998. American Public Health Association, Water Pollution Control Federation,  311 
Standard Methods for the Examination of Water and Wastewater, nineteenth. American  312 
Public Health Association, Washington, DC. 313 
2. Call, D., Logan, B.E., 2008. Hydrogen Production in a Single Chamber Microbial  314 
Electrolysis Cell Lacking a Membrane, Environ. Sci. Technol. 42, 3401-3406. 315 
3. Datar, R., Huang, J., Maness, P., Mohagheghi, A., Czernik, S., Chornet, E., 2007. Hydrogen  316 
production from the fermentation of corn stover biomass pretreated with a steam  317 
-explosion process, Int. J. Hydrogen Energy 32(8), 932-939. 318 
4. Escapa, A., Mateos, R., Martínez, E.J., Blanes, J., 2016. Microbial electrolysis cells: An   319 
emerging technology for wastewater treatment and energy recovery. From laboratory to  320 
pilot plant and beyond, Renew. Sust. Energ. Rev. 55, 942-956. 321 
5. Ghimire, A., Frunzo, L., Pirozzi, F., Trably, E., Escudie, R., Lens, P.N.L., Esposito, G., 2015.  322 
A review on dark fermentative biohydrogen production from organic biomass: Process 323 
parameters and use of by-products, Appl. Energ. 144, 73-95. 324 
6. Guo, X.M., Trably, E., Latrille, E., Carrère, H., Steyer, J.P., 2010. Hydrogen production  325 
from agricultural waste by dark fermentation: A review, Int. J. Hydrogen Energy 35(19), 326 
14 
 
10660-10673. 327 
7. Kadier, A., Simayi, Y., Kalil, M.S., Abdeshahian, P., Hamid, A.A., 2014. A review of the  328 
substrates used in microbial electrolysis cells (MECs) for producing sustainable and 329 
clean hydrogen gas, Renew. Energ. 71, 466-472. 330 
8. Kumar, G., Mudhoo, A., Sivagurunathan, P., Nagarajan, D., Ghimire, A., Lay, C.H., Lin,  331 
C.Y., Lee, D.J., Chang, J.S., 2016. Recent insights into the cell immobilization 332 
technology applied for dark fermentative hydrogen production, Bioresour Technol. 219, 333 
725-737. 334 
9. Lalaurette, E., Thammannagowda, S., Mohagheghi, A., Maness, P.-C., Logan, B.E., 2009.  335 
Hydrogen production from cellulose in a two-stage process combining fermentation and 336 
electrohydrogenesis, Int. J. Hydrogen Energy 34(15), 6201-6210. 337 
10. Lee, H.S., Rittmann, B.E., 2010. Significance of biological hydrogen oxidation in a continus  338 
single-chamber microbial electrolysis cell. Environ. Sci. Technol. 44(3), 948-954. 339 
11. Li, C., Fang, H.H.P., 2007. Fermentative Hydrogen Production From Wastewater and Solid  340 
Wastes by Mixed Cultures, Crit. Rev. Env. Sci. Tec. 37(1), 1-39. 341 
12. Li, X.H., Liang, D.W., Bai, Y.X., Fan, Y.T., Hou, H.W., 2014. Enhanced H2 production  342 
from corn stalk by integrating dark fermentation and single chamber microbial 343 
electrolysis cells with double anode arrangement, Int. J. Hydrogen Energy 39(17), 344 
8977-8982. 345 
13. Liang, D.W., Peng, S.K., Lu, S.F., Liu, Y.Y., Lan, F., Xiang, Y., 2011. Enhancement of  346 
hydrogen production in a single chamber microbial electrolysis cell through anode 347 
arrangement optimization, Bioresour Technol. 102(23), 10881-10885. 348 
14. Liu, H., Cheng, S., Logan, B.E., 2010. Production of Electricity from Acetate or Butyrate  349 
Using a Single-Chamber Microbial Fuel Cell, Environ. Sci. Technol. 39, 658-662. 350 
15. Liu, W., Huang, S., Zhou, A., Zhou, G., Ren, N., Wang, A., Zhuang, G., 2012. Hydrogen  351 
generation in microbial electrolysis cell feeding with fermentation liquid of waste 352 
activated sludge, Int. J. Hydrogen Energy 37(18), 13859-13864. 353 
16. Lu, L., Ren, N., Xing, D., Logan, B.E., 2009. Hydrogen production with effluent from an  354 
ethanol-H2-coproducing fermentation reactor using a single-chamber microbial 355 
electrolysis cell, Biosens. Bioelectron. 24(10), 3055-60. 356 
17. Lu, L., Hou, D., Wang, X., Jassby, D., Ren, Z.J., 2016. Active H2 harvesting prevents  357 
methanogenesis in Hydrogen production in microbial electrolysis cell, Environ. Sci. 358 
Technol. Lett. 3, 286-290. 359 
18. Marone, A., Ayala-Campos, O.R., Trably, E., Carmona-Martínez, A.A., Moscoviz, R.,  360 
15 
 
Latrille, E., Steyer, J.-P., Alcaraz-Gonzalez, V., Bernet, N., 2017. Coupling dark 361 
fermentation and microbial electrolysis to enhance bio-hydrogen production from 362 
agro-industrial wastewaters and by-products in a bio-refinery framework, Int. J. 363 
Hydrogen Energy 42(3), 1609-1621. 364 
19. Michie, I., Kim, J., Dinsdale, R., Guwy, A., Premier, G., 2013. Factors affecting microbial   365 
fuel cell acclimation and operation in temperate climates. Water Sci. Technol. 67, 366 
2568-2575. 367 
20. Nam, J.Y., Yates, M.D., Zaybak, Z., Logan, B.E., 2014. Examination of protein degradation  368 
in continuous flow, microbial electrolysis cells treating fermentation wastewater, 369 
Bioresour Technol. 171, 182-186. 370 
21. Pan, C., Zhang, S., Fan, Y., Hou, H., 2010. Bioconversion of corncob to hydrogen using  371 
anaerobic mixed microflora, Int. J. Hydrogen Energy 35(7), 2663-2669. 372 
22. Popov, A.L., Michie, I.S., Kim, J.R., Dinsdale, R.M., Guwy, A.J., Esteves, S.R., Premier,  373 
G.C., 2016. Enrichment strategy for enhanced bioelectrochemical hydrogen production 374 
and the prevention of methanogenesis, Int. J. Hydrogen Energy 41(7), 4120-4131. 375 
23. Song, Z.X., Wang, Z.Y., Wu, L.Y., Fan, Y.T., Hou, H.W., 2012. Effect of microwave  376 
irradiation pretreatment of cow dung compost on bio-hydrogen process from corn stalk 377 
by dark fermentation, Int. J. Hydrogen Energy 37(8), 6554-6561. 378 
24. Ullery, M.L., Logan, B.E., 2014. Comparison of complex effluent treatability in different  379 
bench scale microbial electrolysis cells, Bioresour Technol. 170, 530-537. 380 
25. Wang, Y.B., Li, R.J., Li, W.W., Fan, Y.T., Hou, H.W., 2012. Effects of pretreatment of  381 
natural bacterial source and raw material on fermentative biohydrogen production, Int. J. 382 
Hydrogen Energy 37(1), 831-836. 383 
26. Wu, T., Zhu, G., Jha, A.K., Zou, R., Liu, L., Huang, X., Liu, C., 2013. Hydrogen production  384 
with effluent from an anaerobic baffled reactor (ABR) using a single-chamber microbial 385 
electrolysis cell (MEC), Int. J. Hydrogen Energy 38(25), 11117-11123. 386 
27. Xing, Y., Fan, S.Q., Zhang, J.N., Fan, Y.T., Hou, H.W., 2011. Enhanced bio-hydrogen  387 
production from corn stalk by anaerobic fermentation using response surface 388 
methodology, Int. J. Hydrogen Energy 36(20), 12770-12779. 389 
28. Yang, N., Hafez, H., Nakhla, G., 2015. Impact of volatile fatty acids on microbial  390 
electrolysis cell performance, Bioresour Technol. 193, 449-455. 391 
29. Zhang, Y., Min, B., Huang, L., Angelidaki, I., 2011. Electricity generation and microbial  392 
community response to substrate changes in microbial fuel cell, Bioresour Technol. 393 
102(2), 1166-1173. 394 
16 
 
30. Zhu, X., Yates, M.D., Hatzell, M.C., Ananda Rao, H., Saikaly, P.E., Logan, B.E., 2014.  395 
Microbial community composition is unaffected by anode potential, Environ. Sci. 396 
Technol. 48(2), 1352-1358. 397 
 398 
 399 
 400 
 401 
 402 
 403 
 404 
 405 
 406 
 407 
 408 
 409 
 410 
 411 
 412 
 413 
 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 
 423 
 424 
 425 
 426 
 427 
 428 
17 
 
Table 1. Performance of different MECs fed with fermentation effluent. 429 
 430 
 431 
 432 
 433 
 434 
 435 
 436 
 437 
 438 
 439 
 440 
 441 
 442 
Inoculum Substrate Eap 
(V) 
CE 
(%) 
H2 yield 
mL/g
 
COD 
ηE 
(%) 
HPR 
(m
3
/m
3
/d) 
References 
Activated sludge Sludge fermentation 
liquid 
0.8 92±10 1200 155±5 1.76±0.03 (Liu et al., 2012) 
Domestic 
wastewater 
Molasses fermentation 
effluent 
0.8 78 1155 170 1.52 (Lu et al., 2009) 
Cow dung compost Corn stalk fermentation 
effluent 
0.8 71±2 1000±50 166±10 3.43±0.12 (Li et al., 2014) 
Activated sludge Sludge fermentation 
effluent 
0.6 - 2780±110 138.6±3.1 1.31±0.04 (Wu et al., 2013) 
Domestic 
wastewater 
Cellulose fermentation 
effluent 
0.9 66±11 1090±240 - 0.49±0.05 (Nam et al., 2014) 
Wastewater Corn stover 
fermentation effluent 
0.5 - 750±180 230±50 1.0±0.19 (Lalaurette et al., 
2009) 
Cow dung compost Corn stalk fermentation 
effluent 
0.5 72±3 780±35 215±11 2.41±0.12 This study 
Cow dung compost Corn stalk fermentation 
effluent 
0.8 76±2 870±40 155±10 4.52±0.13 This study 
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Figure Captions 443 
Fig. 1. Schematic illustration of MEC with double anodes 444 
Fig. 2. Voltage generation from different substrates in MFC with external load 1000 Ω. 445 
Fig. 3. The performance of Current density during MECs start-up period. (The applied voltages 446 
of each cycle were 0.8 V except for the first three cycles. Cycle 1: 0.5 V; Cycle 2: 0.6 V; Cycle 3: 447 
0.7 V.) 448 
Fig. 4. (a) Cumulative hydrogen production, (b) COD removal, (c) Coulombic efficiency (CE) 449 
and (d) Energy efficiency in MECs under different applied voltage.  450 
Fig. 5. Removal variation of VFAs and ethanol in different MECs at different applied voltages. 451 
Fig. 6. Cyclic voltammogram comparison of anodes in different MECs. (Control: No 452 
microorganisms on the anodes) 453 
 454 
 455 
 456 
  
 
 
Fig. 1. 
Figure 1
Click here to download Figure: Fig.1.docx
 Fig. 2.  
 
0 50 100 150 200 250 300 350
0
100
200
300
400
500
600
V
o
lt
ag
e 
(m
V
)
 
 
Time (h)
 HAc-MFC
 HBu-MFC
 CSFE-MFC
Figure 2
Click here to download Figure: Fig.2.docx
  
 
Fig. 3.  
 
0 2 4 6 8 10 12 14 16 18 20
150
200
250
300
350
400
450
500
550
Cycle
C
u
rr
en
t 
d
en
si
ty
 (
A
/m
3
)
 
 
HAc-MEC
HBu-MEC
CSFE-MEC
Figure 3
Click here to download Figure: Fig.3.docx
  
  
Fig. 4. 
 
0.5 0.6 0.7 0.8
0
50
100
150
200
250
300
 
 
H
y
d
ro
g
en
 v
o
lu
m
e 
(m
L
)
Applied voltage (V)
 HAc-MEC
 HBu-MEC
 CSFE-MEC
a
0.5 0.6 0.7 0.8
0
10
20
30
40
50
60
70
80
90
100
 
 
C
O
D
 R
em
o
v
al
 (
%
)
Applied voltage (V)
b
0.5 0.6 0.7 0.8
0
10
20
30
40
50
60
70
80
90
100
 
 
C
o
u
lo
m
b
ic
 E
ff
ic
ie
n
cy
 (
%
)
Applied voltage (V)
c
0.5 0.6 0.7 0.8
0
50
100
150
200
250
 
 
E
n
er
g
y
 E
ff
ic
ie
n
cy
 (
%
)
Applied voltage (V)
d
Figure 4
Click here to download Figure: Fig.4.docx
   
  
Fig. 5. 
 
0.5 0.6 0.7 0.8
0
20
40
60
80
100
 
 
A
ce
ta
te
 R
em
o
v
al
 (
%
)
Applied voltage (V)
 HAc-MEC   HBu-MEC   CSFE-MECa
0.5 0.6 0.7 0.8
0
20
40
60
80
100
 
 
P
ro
p
io
n
a
te
 R
e
m
o
v
a
l 
(%
)
Applied voltage (V)
b
0.5 0.6 0.7 0.8
0
20
40
60
80
100
 
 
B
u
ty
ra
te
 R
e
m
o
v
a
l 
(%
)
Applied voltage (V)
c
0.5 0.6 0.7 0.8
0
20
40
60
80
100
 
 
E
th
a
n
o
l 
R
e
m
o
v
a
l 
(%
)
Applied voltage (V)
d
Figure 5
Click here to download Figure: Fig.5.docx
 -0.8 -0.6 -0.4 -0.2 0.0 0.2
-0.030
-0.025
-0.020
-0.015
-0.010
-0.005
0.000
0.005
C
u
rr
en
t 
(A
)
Potential (V vs. SCE)
 Control 
 HAc-MEC
 HBu-MEC
 CSFE-MEC
Figure 6
Click here to download Figure: Fig.6.docx
Electronic Annex
Click here to download Electronic Annex: Supplementary data.docx
